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Figure 5–491.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-D, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 3890  



 

Chapter 5 ▪ Long-Term Environmental Consequences 

5–541 

T
a

n
k C

lo
su

re a
n
d

 W
a

ste M
a

n
a
g

em
en

t E
n

viro
n

m
en

ta
l Im

p
a

ct S
ta

tem
en

t fo
r th

e  

H
a

n
fo

rd
 S

ite, R
ich

la
n
d

, W
a

sh
in

g
to

n
 

 

 
Figure 5–492.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-D, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 7140  
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Figure 5–493.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-D, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 11,885  
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Figure 5–494.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-D, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 3890  
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Figure 5–495.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-D, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 7140  
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Figure 5–496.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-D, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 11,885  
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Figure 5–497.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-D, Spatial  

Distribution of Groundwater Total Uranium Concentration, Calendar Year 11,885  
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 SUMMARY OF IMPACTS 

Releases of technetium-99 cause the groundwater concentrations at IDF-East to exceed the benchmark by 

less than an order of magnitude from about CY 6940 until the end of the period of analysis.  

Concentrations of technetium-99 at the RPPDF barrier, Core Zone Boundary, and Columbia River 

nearshore never exceed the benchmark.  Iodine-129 shows a pattern similar to that of technetium-99, 

although concentrations at the Core Zone Boundary and Columbia River nearshore marginally exceed the 

benchmark concentration.  Concentrations of chromium and nitrate show similar concentration curves to 

those of technetium-99 and iodine-129, but never exceed their respective benchmarks.  

It is not until around CY 9500 that total uranium concentrations surpass 1 × 10
-8

 micrograms per liter.  

The concentrations at the RPPDF barrier, Core Zone Boundary, and Columbia River nearshore all remain 

about six orders of magnitude below the benchmark level over the 10,000-year period of analysis. 

5.3.1.2.1.5 Disposal Group 1, Subgroup 1-E 

ACTIONS AND TIMEFRAMES INFLUENCING GROUNDWATER IMPACTS 

Disposal Group 1, Subgroup 1-E, was designed to accommodate the waste generated under Tank Closure 

Alternative 4 and FFTF Decommissioning Alternative 2 or 3, as well as onsite and offsite waste.  Waste 

would be converted to IHLW, ILAW glass, bulk vitrification glass, and cast stone waste.  IHLW would 

be stored on site, while ILAW glass, bulk vitrification glass, and cast stone waste would be disposed of in 

IDF-East. 

For the long-term groundwater impacts analysis, two major periods were identified for Waste 

Management Alternative 2, Disposal Group 1, Subgroup 1-E, as follows: 

 The disposal period was assumed to start with the onset of disposal operations in IDF-East and 

the RPPDF in CY 2009 and continue through CY 2050, when the facilities would be 

operationally closed.  During the disposal period, the materials in these permitted, operational 

facilities would not be available for release to the environment. 

 The post-disposal period was assumed to start in CY 2051 and continue through the 10,000-year 

period of analysis until CY 11,940.  At the start of this period, materials in the facilities would 

become available for release to the environment, and modified RCRA Subtitle C barriers would 

be emplaced over IDF-East and the RPPDF to limit infiltration during the first 500 years of the 

post-disposal period. 

COPC DRIVERS 

A total of 40 COPCs were analyzed for Waste Management Alternative 2, Disposal Group 1, 

Subgroup 1-E.  Complete results are tabulated in Appendices M, N, and O, but this discussion of long-

term impacts associated with Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, is 

focused on the following COPC drivers: 

 Radiological risk drivers: iodine-129 and technetium-99 

 Chemical risk drivers: none 

 Chemical hazard drivers: chromium, fluoride, nitrate, and acetonitrile 

The COPC drivers for Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, were selected 

by evaluating the risk or hazard associated with all 40 COPCs during the year of peak risk or hazard at the 

Core Zone Boundary during the 10,000-year period of analysis and selecting the major contributors.  This 

process is described in Appendix Q.  The radiological risk drivers listed above account for essentially 
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100 percent of the radiological risk.  No chemical risk is predicted.  The chemical hazard drivers above 

account for over 99 percent of the chemical hazard associated with Waste Management Alternative 2, 

Disposal Group 1, Subgroup 1-E.   

The COPC drivers that are discussed in detail in this section (iodine-129, technetium-99, chromium, 

fluoride, nitrate, acetonitrile) are all mobile (i.e., move with groundwater) and long-lived (relative to the 

10,000-year period of analysis), or stable.  They are essentially conservative tracers.  The other COPCs 

that were analyzed do not significantly contribute to drinking water risk at the Core Zone Boundary 

during the period of analysis because of high retardation factors (i.e., retention in the vadose zone), short 

half-lives (i.e., rapid radioactive decay), or a combination of both factors.   

ANALYSIS OF RELEASE AND MASS BALANCE 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E 

(IDF-East and the RPPDF releases), in terms of the total amount of COPCs released to the vadose zone, 

groundwater, and the Columbia River during the 10,000-year period of analysis.  Releases of 

radionuclides are totaled in curies; chemicals, in kilograms (see Figures 5–498 through 5–509).  Note that 

the release amounts are plotted on a logarithmic scale to facilitate visual comparison of releases that vary 

over 10 orders of magnitude. 

200-East Area Integrated Disposal Facility 

IDF-East has nine subtotals plotted,  representing releases from ILAW glass, bulk vitrification glass, cast 

stone waste, ETF-generated secondary waste, retired melters, tank closure secondary waste, FFTF 

Decommissioning Alternative 3 waste, waste management secondary waste, and onsite and offsite waste.   

Figure 5–498 shows the estimated release from IDF-East to the vadose zone of the radiological risk 

drivers and Figure 5–499, the chemical hazard drivers.  For bulk vitrification castable refractory and 

offsite waste, the release to the vadose zone is controlled by the inventory (i.e., 100 percent of the 

inventory is released during the post-disposal period).  The predominant source of technetium-99 is cast 

stone waste; that of iodine-129 is offsite waste.  For chemicals, the predominant source of chromium and 

nitrate is cast stone waste.  The predominant source of fluoride is waste management secondary waste and 

onsite waste.   
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Figure 5–498.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  

 

 
Figure 5–499.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  

 

Figure 5–500 shows the estimated release from IDF-East to groundwater of the radiological risk drivers 

and Figure 5–501, the chemical hazard drivers.  In addition to the inventory considerations discussed in 

the previous paragraph, release to groundwater is controlled by the transport properties of the COPC 

drivers and by the rate of moisture movement through the vadose zone.  For chromium, nitrate, and 
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fluoride, the amount released to groundwater is essentially equal to the amount released to the vadose 

zone.  About 72 percent of the iodine-129 and 54 percent of the technetium-99 released to the vadose 

zone reach groundwater.  Overall, about 53 percent of the radionuclide amount (curies) released to the 

vadose zone during the period of analysis reaches groundwater; approximately 99 percent of the chemical 

quantity (kilograms) reaches groundwater.   

 
Figure 5–500.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Groundwater  

 

 
Figure 5–501.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Groundwater  
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 Figure 5–502 shows the estimated release from IDF-East to the Columbia River of the radiological risk 

drivers and Figure 5–503, the chemical hazard drivers.  Release to the Columbia River is controlled by 

the transport properties of the COPC drivers.  For iodine-129, technetium-99, chromium, nitrate, and 

fluoride, the amount released to the Columbia River is essentially equal to the amount released to 

groundwater.  Overall, about 97 percent of the radionuclide amount (curies) released to groundwater 

during the period of analysis reaches the river; approximately 99 percent of the chemical quantity 

(kilograms) reaches the river.   

 
Figure 5–502.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Columbia River  

 

 
Figure 5–503.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Columbia River  
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River Protection Project Disposal Facility 

Figure 5–504 shows the estimated release from the RPPDF to the vadose zone of the radiological risk 

drivers and Figure 5–505, the chemical hazard drivers.  Release to the vadose zone is controlled by the 

inventory (i.e., 100 percent of the inventory is released during the post-disposal period).  Radionuclide 

releases from the RPPDF to the vadose zone comprise technetium-99 (largest source) and iodine-129 

(smallest source).  Chemical hazard releases from the RPPDF comprise nitrate (largest source) and 

chromium (smallest source).  Fluoride is not released from the RPPDF. 

 

 
Figure 5–504.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Radionuclide Releases from River Protection Project Disposal Facility to Vadose Zone  

 

 
Figure 5–505.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Chemical Releases from River Protection Project Disposal Facility to Vadose Zone  
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 Figure 5–506 shows the estimated release from the RPPDF to groundwater of the radiological risk drivers 

and Figure 5–507, the chemical hazard drivers.  In addition to the inventory considerations discussed in 

the previous paragraph, release to groundwater is controlled by the transport properties of the COPC 

drivers and by the rate of moisture movement through the vadose zone.  For iodine-129, technetium-99, 

chromium, and nitrate, the amount released to groundwater is essentially equal to the amount released to 

the vadose zone.  Overall, about 100 percent of the radionuclide amount (curies) released to the vadose 

zone during the period of analysis reaches groundwater; approximately 100 percent of the chemical 

quantity (kilograms) reaches groundwater.    

 
Figure 5–506.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Radionuclide Releases from River Protection Project Disposal Facility to Groundwater  

 

 
Figure 5–507.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Chemical Releases from River Protection Project Disposal Facility to Groundwater  
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Figure 5–508 shows the estimated release from the RPPDF to the Columbia River of the radiological risk 

drivers and Figure 5–509, the chemical hazard drivers.  Release to the Columbia River is controlled by 

the transport properties of the COPC drivers.  For iodine-129, technetium-99, chromium, and nitrate, the 

amount released to the Columbia River is essentially equal to the amount released to groundwater.  

Overall, approximately 99 percent of the radionuclide amount (curies) released to groundwater during the 

period of analysis reaches the river; 99 percent of the chemical quantity (kilograms) reaches the river. 

 
Figure 5–508.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Radionuclide Releases from River Protection Project Disposal Facility to Columbia River  

 

 
Figure 5–509.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E,  

Chemical Releases from River Protection Project Disposal Facility to Columbia River  
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 ANALYSIS OF CONCENTRATION VERSUS TIME 

This section presents the analysis of Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, 

impacts in terms of groundwater concentration versus time at the Core Zone Boundary and the Columbia 

River nearshore.  Concentrations of radionuclides are in picocuries per liter; chemicals, in micrograms per 

liter (see Figures 5–510 though 5–514).  The benchmark concentration of each radionuclide and chemical 

is also shown.  Note that the concentrations are plotted on a logarithmic scale to facilitate visual 

comparison of concentrations.   

Table 5–98 lists the maximum concentrations of the COPCs in the peak year at IDF-East and the RPPDF, 

Core Zone Boundary, and Columbia River nearshore.  Under Waste Management Alternative 2, Disposal 

Group 1, Subgroup 1-E, peak concentrations of technetium-99, iodine-129, and chromium exceed their 

benchmarks at IDF-East in CY 10,921, CY 7907, and CY 9008, respectively.  At the Core Zone 

Boundary and Columbia River nearshore, technetium-99 exceeds its benchmark (CY 9662 and 

CY 10,639), while iodine-129 just reaches its benchmark at about CY 7800.  No other constituents exceed 

their benchmark concentrations under Waste Management Alternative 2, Disposal Group 1, 

Subgroup 1-E. 

 

Figures 5–510 through 5–513 show concentration versus time for iodine-129, technetium-99, chromium, 

and nitrate.  For technetium-99, releases from the RPPDF cause a small rise in concentration at the 

RPPDF barrier, Core Zone Boundary, and Columbia River nearshore, peaking around CY 3940 but 

remaining about an order of magnitude below the benchmark.  Concentrations at the RPPDF barrier then 

decline continuously before leveling out around CY 5900.  Beginning around CY 4500, concentrations at 

the Core Zone Boundary and Columbia River nearshore begin climbing again.  Releases at IDF-East also 

appear in CY 4500, and technetium-99 concentrations continuously rise throughout the simulation period. 

Technetium-99 concentrations exceed the benchmark at the IDF-East barrier by less than an order of 

magnitude and by a lesser extent at the Core Zone Boundary and Columbia River nearshore from about 

CY 6500 until the end of the period of analysis.  Iodine-129 follows a pattern similar to that of 

technetium-99, reaching a concentration slightly above the benchmark for a shorter period of time, 

approximately from CY 7000 until CY 9500.  Chromium shows a similar pattern, exceeding the 

benchmark at the IDF-East barrier by less than an order of magnitude between approximately CY 7500 

and CY 10,500.  Nitrate concentrations behave similarly, but do not exceed benchmark concentrations 

during the period of analysis.  Acetonitrile concentrations peak around CY 8800, about one order of 

magnitude below the benchmark concentration. 
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Table 5–98.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, 

Maximum COPC Concentrations in the Peak Year at IDF-East 

and the RPPDF, Core Zone Boundary, and Columbia River Nearshore 

Contaminant  IDF-East RPPDF 

Core Zone 

Boundary 

Columbia River 

Nearshore 

Benchmark 

Concentration 

Radionuclide (picocuries per liter)   

Technetium-99 3,860 107 1,390 1,170 900 

(10,921) (3785) (9662) (10,639) 

Iodine-129 2.2 0.2 0.9 0.6 1 

(7907) (3824) (7856) (7749) 

Chemical (micrograms per liter)  

Acetonitrile 11 0 3 3 100 

(8959) (1940) (8894) (9121) 

Chromium 175 7 53 40 100 

(9008) (3666) (8873) (8827) 

Nitrate 27,200 286 8,960 6,820 45,000 

(8700) (3728) (8189) (9059) 

Note: Corresponding calendar years shown in parentheses.  Concentrations that would exceed the benchmark value are 

indicated in bold text. 

Key: COPC=constituent of potential concern; IDF-East=200-East Area Integrated Disposal Facility; RPPDF=River Protection 

Project Disposal Facility. 

 

 

 
Figure 5–510.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Iodine-129  

Concentration Versus Time  
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Figure 5–511.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Technetium-99  

Concentration Versus Time  

 

 
Figure 5–512.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Chromium  

Concentration Versus Time  
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Figure 5–513.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Nitrate  

Concentration Versus Time  

Figure 5–514 shows concentration versus time for total uranium.  Late releases result in groundwater 

concentrations that are over six orders of magnitude lower than benchmark concentrations for total 

uranium.  Total uranium concentrations, while very minimal, continue to rise throughout the duration of 

the period of analysis, but never exceed the benchmark concentrations by the end of the period of 

analysis. 
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Figure 5–514.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Total Uranium  

Concentration Versus Time  

ANALYSIS OF SPATIAL DISTRIBUTION OF CONCENTRATION 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, 

in terms of the spatial distribution of COPC driver concentrations in groundwater at selected times.  

Concentrations of radionuclides are in picocuries per liter; chemicals, in micrograms per liter 

(see Figures 5–515 through 5–527).  Concentrations of each radionuclide and chemical are indicated by a 

color scale that is relative to the benchmark concentration.  Concentrations greater than the benchmark 

concentration are indicated by the fully saturated colors green, yellow, orange, and red in order of 

increasing concentration.  Concentrations less than the benchmark concentration are indicated by the 

faded colors green, blue, indigo, and violet in order of decreasing concentration.  Note that the 

concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations.   

Figure 5–515 shows the spatial distribution of iodine-129 concentrations in groundwater in CY 3890.  

Releases from the RPPDF result in groundwater concentration plumes that exceed the benchmark 

concentration north of the Core Zone Boundary.  Peak concentrations in this plume are only slightly 

greater than the benchmark concentration and only in a very small area north of Gable Mountain.  In 

CY 7140, releases from IDF-East create a plume exceeding the benchmark, extending from the 200-East 

Area east toward the Columbia River (see Figure 5–516).  Also by CY 7140, most of the RPPDF plume 

continues to move north and reaches the Columbia River.  By CY 11,885, most of the mass in the 

IDF-East plume is still moving east toward the Columbia River, with only small, isolated pockets of high 

concentration exceeding the benchmark (see Figure 5–517).  Technetium-99 (see Figures 5–518 through 

5–520), chromium (see Figures 5–521 through 5–523), and nitrate (see Figures 5–524 through 5–526) 

show similar spatial distributions at selected times.  Peak concentrations of technetium-99 in the IDF-East 

plume reach 5 to 10 times the benchmark after CY 7140.  Iodine-129, technetium-99, chromium, and 

nitrate are all conservative tracers (i.e., move at the rate of the pore-water velocity). 
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Figure 5–515.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Iodine-129 Concentration, Calendar Year 3890  
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Figure 5–516.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Iodine-129 Concentration, Calendar Year 7140  
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Figure 5–517.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Iodine-129 Concentration, Calendar Year 11,885  
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Figure 5–518.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Technetium-99 Concentration, Calendar Year 3890  
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Figure 5–519.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Technetium-99 Concentration, Calendar Year 7140  
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Figure 5–520.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Technetium-99 Concentration, Calendar Year 11,885  
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Figure 5–521.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 3890  
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Figure 5–522.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 7140  
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Figure 5–523.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 11,885  
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Figure 5–524.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 3890  
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Figure 5–525.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 7140  
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Figure 5–526.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 11,885  

Total uranium shows a different spatial distribution over time.  This COPC is not as mobile as those 

discussed above, moving about seven times more slowly than the pore-water velocity.  As a result, travel 

times through the vadose zone are longer, release to the aquifer is delayed, and travel times through the 

aquifer to the Columbia River are longer.  Figure 5–527 shows the distribution of total uranium in 

CY 11,885.  Releases from the RPPDF result in a groundwater plume that starts near the Core Zone 

Boundary and moves north through Gable Gap to the north side of Gable Mountain.  However, total 

uranium concentrations in this plume do not exceed the benchmark concentration during the period of 

analysis. 
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Figure 5–527.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, Spatial  

Distribution of Groundwater Total Uranium Concentration, Calendar Year 11,885  

SUMMARY OF IMPACTS 

Under Waste Management Alternative 2, Disposal Group 1, Subgroup 1-E, in general, the inventories 

remaining at both IDF-East and the RPPDF, which are available for release to the environment at the start 

of the post-disposal period, are predominant contributors. 

For the conservative tracers, iodine-129, technetium-99, and chromium, concentrations at IDF-East are 

the most dominant, exceeding the benchmark concentrations by less than an order of magnitude.  

Concentrations of iodine-129 and technetium-99 also exceed their respective benchmarks at the Core 

Zone Boundary and Columbia River nearshore.  Concentrations of nitrate never exceed the benchmark 
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 concentration during the period of analysis.  Acetonitrile peaks around CY 8800, less than one order of 

magnitude below the benchmark. 

For total uranium, limited mobility is an important factor governing the timeframe and scale of 

groundwater impacts.  The total uranium concentrations do not exceed the benchmark at the RPPDF, 

IDF-East, the Core Zone Boundary, or Columbia River nearshore during the 10,000-year simulation 

period. 

5.3.1.2.1.6 Disposal Group 1, Subgroup 1-F 

ACTIONS AND TIMEFRAMES INFLUENCING GROUNDWATER IMPACTS 

Disposal Group 1, Subgroup 1-F, was designed to accommodate the disposal of waste generated under 

Tank Closure Alternative 5 and FFTF Decommissioning Alternative 3, as well as onsite and offsite waste.  

Waste would be converted to IHLW, ILAW glass, bulk vitrification glass, and cast stone waste.  IHLW 

would be stored on site, while ILAW glass, bulk vitrification glass, and cast stone waste would be 

disposed of in IDF-East. 

For the long-term groundwater impacts analysis, two major periods were identified for Waste 

Management Alternative 2, Disposal Group 1, Subgroup 1-F, as follows: 

 

 The disposal period was assumed to start with the onset of disposal operations in IDF-East in 

CY 2009 and continue through CY 2050, when the disposal facility would be operationally 

closed and postclosure care would cease.  During the disposal period, the materials in this 

permitted, operational facility would not be available for release to the environment.  The RPPDF 

would not be constructed and operated under this subgroup. 

 The post-disposal period was assumed to start in CY 2051 and continue through the 10,000-year 

period of analysis until CY 11,940.  At the start of this period, materials in IDF-East would 

become available for release to the environment, and a modified RCRA Subtitle C barrier would 

be emplaced over IDF-East to limit infiltration during the first 500 years of the post-disposal 

period. 

COPC DRIVERS 

A total of 40 COPCs were analyzed for Waste Management Alternative 2, Disposal Group 1, 

Subgroup 1-F.  Complete results for all 40 COPCs are tabulated in Appendices M, N, and O, but this 

discussion of long-term impacts associated with Waste Management Alternative 2, Disposal Group 1, 

Subgroup 1-F, is focused on the following COPC drivers: 

 Radiological risk drivers: iodine-129 and technetium-99 

 Chemical risk drivers: none 

 Chemical hazard drivers: chromium, fluoride, nitrate, and acetonitrile 

The COPC drivers for Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, were selected 

by evaluating the risk or hazard associated with all 40 COPCs during the year of peak risk or hazard at the 

Core Zone Boundary during the 10,000-year period of analysis and selecting the major contributors.  This 

process is described in Appendix Q.  The radiological risk drivers listed above account for essentially 

100 percent of the radiological risk.  No chemical risk is predicted.  The chemical hazard drivers above 

account for over 99 percent of the chemical hazard associated with Waste Management Alternative 2, 

Disposal Group 1, Subgroup 1-F. 
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The COPC drivers that are discussed in detail in this section (iodine-129, technetium-99, acetonitrile, 

chromium, fluoride, and nitrate) are all mobile (i.e., move with groundwater) and long-lived (relative to 

the 10,000-year period of analysis), or stable.  They are essentially conservative tracers.  The other 

COPCs that were analyzed do not significantly contribute to drinking water risk at the Core Zone 

Boundary during the period of analysis because of high retardation factors (i.e., retention in the vadose 

zone), short half-lives (i.e., rapid radioactive decay), or a combination of both factors.   

ANALYSIS OF RELEASE AND MASS BALANCE 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, 

in terms of the total amounts of radioactive and chemical COPCs released to the vadose zone, 

groundwater, and the Columbia River during the 10,000-year period of analysis.  Releases of 

radionuclides are totaled in curies; chemicals, in kilograms (see Figures 5–528 through 5–533).  Note that 

the release amounts are plotted on a logarithmic scale to facilitate visual comparison of releases that vary 

over 10 orders of magnitude within the same series of figures. 

200-East Area Integrated Disposal Facility 

Figure 5–528 shows the estimated release from IDF-East to the vadose zone of the radiological risk 

drivers and Figure 5–529, the chemical hazard drivers.  The COPC inventories in the waste forms are a 

major factor in the release quantities of a COPC to the vadose zone.  The predominant source of 

technetium-99 is cast stone waste (62 percent), followed by offsite waste (24 percent) and bulk 

vitrification glass (9 percent).  Most of the iodine-129 (50 percent) is released from offsite waste, 

followed by ETF-generated secondary waste (46 percent).  All of the fluoride is released by waste 

management secondary waste and onsite waste.  The predominant source of chromium (78 percent) is 

sulfate grout, with some from cast stone waste (22 percent).  The sources of nitrate are ETF-generated 

secondary waste (57 percent) and cast stone waste (43 percent). 

 
Figure 5–528.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  
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Figure 5–529.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  
 

Figure 5–530 shows the estimated release from IDF-East to groundwater of the radiological risk drivers 

and Figure 5–531, the chemical hazard drivers.  In addition to the inventory considerations discussed in 

the previous paragraph, release to groundwater is controlled by the transport properties of the COPC 

drivers and by the rate of moisture movement through the vadose zone.  All of the chromium, nitrate, and 

fluoride from the vadose zone are released to groundwater during the period of analysis.  About 

63 percent of the technetium-99 released to the vadose zone reaches groundwater in the analysis; about 

70 percent of the iodine-129 reaches groundwater. 
 

 
Figure 5–530.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Groundwater  
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Figure 5–531.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Groundwater  

 

Figure 5–532 shows the estimated release from IDF-East to the Columbia River of the radiological risk 

drivers and Figure 5–533, the chemical hazard drivers.  Release to the Columbia River is controlled by 

the transport properties of the COPCs.  All of the groundwater technetium-99, iodine-129, chromium, 

nitrate, and fluoride are released to the Columbia River.  

 

 
Figure 5–532.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Columbia River  
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Figure 5–533.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Columbia River  

 

Overall, about 41 percent of the vadose zone technetium-99 and 69 percent of the iodine-129 reach the 

Columbia River within the time period of this analysis.  About 96 to 98 percent of the vadose zone 

chromium, nitrate, and fluoride reach the Columbia River during the period of analysis.  No uranium-238 

or total uranium is released to groundwater or the Columbia River. 

ANALYSIS OF CONCENTRATION VERSUS TIME 

This section presents the analysis of Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, 

impacts in terms of groundwater concentration versus time at the Core Zone Boundary and the Columbia 

River nearshore.  In the concentration-versus-time graphs, the concentrations of radionuclides are in 

picocuries per liter; chemicals, in micrograms per liter.  The benchmark concentration of each 

radionuclide and chemical is also shown.  Note that the concentrations are plotted on a logarithmic scale 

to facilitate visual comparison of concentrations.   

 

Table 5–99 gives the maximum concentrations of the COPCs in the peak year at IDF-East, the Core Zone 

Boundary, and Columbia River nearshore.  Under Waste Management Alternative 2, Disposal Group 1, 

Subgroup 1-F, peak concentrations of technetium-99, iodine-129, and chromium exceed their benchmarks 

at IDF-East in CY 7985, CY 7907, and CY 8882, respectively.  Iodine-129 concentrations approach its 

benchmark at the Core Zone Boundary (CY 7856) and Columbia River nearshore (CY 8067).  No other 

constituents exceed their benchmark concentrations under Waste Management Alternative 2, Disposal 

Group 1, Subgroup 1-F. 
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Table 5–99.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Maximum COPC Concentrations in the Peak Year at IDF-East 

and the RPPDF, Core Zone Boundary, and Columbia River Nearshore 

Contaminant  IDF-East RPPDF 

Core Zone 

Boundary 

Columbia River 

Nearshore 

Benchmark 

Concentration 

Radionuclide (picocuries per liter)   

Technetium-99 1,450 N/A 696 559 900 

(7985) (8302) (8014) 

Iodine-129 2.1 N/A 0.9 0.6 1 

(7907) (7856) (8067) 

Chemical (micrograms per liter)  

Acetonitrile 3 N/A 1 1 100 

(8858) (8981) (8696) 

Chromium  295 N/A 78 60 100 

(8882) (9057) (8241) 

Nitrate 19,400 N/A 6,250 4,140 45,000 

(8206) (7810) (7984) 

Note: Corresponding calendar years shown in parentheses.  Concentrations that would exceed the benchmark value are 

indicated in bold text. 

Key: COPC=constituent of potential concern; IDF-East=200-East Area Integrated Disposal Facility; N/A=not applicable; 

RPPDF=River Protection Project Disposal Facility. 

Figures 5–534 through 5–537 show concentration versus time for iodine-129, technetium-99, chromium, 

and nitrate.  During the latter part of the analysis time period, the groundwater concentrations of 

iodine-129 exceed its benchmark concentration at the IDF-East barrier.  Concentrations at the Core Zone 

Boundary and Columbia River nearshore hover just below the benchmark (see Figure 5–534) over the 

same time period.  However, the concentrations of iodine-129 are never more than one order of 

magnitude above the benchmark concentration level.  Technetium-99 and chromium concentrations 

behave similarly to iodine-129 (see Figures 5–535 and 5–536), where the benchmark concentrations are 

exceeded by less than an order of magnitude from approximately CY 7000 to CY 9000.  Nitrate 

concentrations approach but never exceed its benchmark concentration (see Figure 5–537). 

There are no detectable releases of either uranium-238 or total uranium to the environment over this 

analysis period. 
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Figure 5–534.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Iodine-129 Concentration Versus Time  

 

 
Figure 5–535.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Technetium-99 Concentration Versus Time  
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Figure 5–536.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Chromium Concentration Versus Time  

 

 
Figure 5–537.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F,  

Nitrate Concentration Versus Time  



 

Chapter 5 ▪ Long-Term Environmental Consequences 

5–581 

T
a

n
k C

lo
su

re a
n
d

 W
a

ste M
a

n
a
g

em
en

t E
n

viro
n

m
en

ta
l Im

p
a

ct S
ta

tem
en

t fo
r th

e  

H
a

n
fo

rd
 S

ite, R
ich

la
n
d

, W
a

sh
in

g
to

n
 

 ANALYSIS OF SPATIAL DISTRIBUTION OF CONCENTRATION 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, 

in terms of the spatial distribution of COPC driver concentrations in groundwater at selected times in this 

analysis period.  Concentrations of radionuclides are in picocuries per liter; chemicals, in micrograms per 

liter (see Figures 5–538 through 5–545).  Concentrations of each radionuclide and chemical are indicated 

by a color scale that is relative to the benchmark concentration.  Concentrations greater than the 

benchmark concentration are indicated by the fully saturated colors green, yellow, orange, and red in 

order of increasing concentration.  Concentrations less than the benchmark concentration are indicated by 

the faded colors green, blue, indigo, and violet in order of decreasing concentration.  Note that the 

concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations.   

 

Figures 5–538 through 5–545 show groundwater releases that extend from the eastern edge of the Core 

Zone Boundary to the Columbia River.  Iodine-129, technetium-99, chromium, and nitrate are all 

conservative tracers (i.e., move at the rate of the pore-water velocity).  Releases from IDF-East result in 

groundwater concentrations that extend from the release source east to the Columbia River.  

All plumes from IDF-East releases are initially contained in a narrow area moving east until they reach 

about one-third of the distance to the Columbia River nearshore boundary, where they spread out 

significantly and continue to the Columbia River.  Figures 5–538 and 5–539 show the spatial distribution 

of iodine-129 concentrations in groundwater in CYs 7140 and 11,885, respectively.  The CY 7140 data 

show that a release from IDF-East creates a plume outside of the eastern boundary between the Core Zone 

Boundary and the Columbia River nearshore.  These data also show that there is an area east of the 

Core Zone Boundary where the concentration exceeds the benchmark concentration.  By CY 11,885 

(see Figure 5–539), the plume mass has continued to spread out and is still moving east toward the 

Columbia River.  The CY 11,885 plume also shows areas where the concentrations exceed the benchmark 

concentration.  
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Figure 5–538.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, Spatial  

Distribution of Groundwater Iodine-129 Concentration, Calendar Year 7140  
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Figure 5–539.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, Spatial  

Distribution of Groundwater Iodine-129 Concentration, Calendar Year 11,885  

 

Figures 5–540 and 5–541 show a similar technetium-99 release moving east toward the Columbia River 

in CYs 7140 and 11,885.  The plumes show areas where the concentration of technetium-99 exceeds the 

benchmark concentration.  The CY 11,885 data show that the technetium-99 is dissipating, but 

high-concentration areas remain. 
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Figure 5–540.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, Spatial  

Distribution of Groundwater Technetium-99 Concentration, Calendar Year 7140  



 

Chapter 5 ▪ Long-Term Environmental Consequences 

5–585 

T
a

n
k C

lo
su

re a
n
d

 W
a

ste M
a

n
a
g

em
en

t E
n

viro
n

m
en

ta
l Im

p
a

ct S
ta

tem
en

t fo
r th

e  

H
a

n
fo

rd
 S

ite, R
ich

la
n
d

, W
a

sh
in

g
to

n
 

 

 
Figure 5–541.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, Spatial  

Distribution of Groundwater Technetium-99 Concentration, Calendar Year 11,885  

 

Figures 5–542 and 5–543 (CY 7140 and 11,885 data) show a chromium plume with a small area where 

the concentration approaches the benchmark concentration.  The CY 11,885 data show a reduced-size and 

reduced-concentration plume compared with the CY 7140 plume.  The CY 11,885 data also show that the 

chromium concentration continues between the release source and the Columbia River, but that the 

distribution is dissipating. 
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Figure 5–542.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 7140  
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Figure 5–543.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 11,885  

 

Figures 5–544 and 5–545 show the spatial distributions of nitrate concentrations in groundwater in 

CYs 7140 and 11,885.  The nitrate release never exceeds the benchmark concentration during the period 

of analysis. The CY 11,885 data show a nitrate plume significantly reduced in both area and 

concentration. 
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Figure 5–544.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 7140  
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Figure 5–545.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 11,885  

SUMMARY OF IMPACTS 

Under Waste Management Alternative 2, Disposal Group 1, Subgroup 1-F, in general, the predominant 

contributor is the iodine-129 inventory at IDF-East that is available for release to the environment at the 

start of the post-disposal period.  The technetium-99, iodine-129, and chromium concentrations exceed 

benchmark standards during the middle to latter parts of the period of analysis at the IDF-East barrier.  

Iodine-129 also approaches its benchmark concentration at the Core Zone Boundary and Columbia River 

nearshore.  Nitrate never exceeds its benchmark concentration during the period of analysis.  In general, 

the intensities are highest and the areas of these groundwater plumes largest between CYs 7000 and 

10,000, with concentrations declining through CY 11,885. 



Tank Closure and Waste Management Environmental Impact Statement for the  

Hanford Site, Richland, Washington 

5–590 

5.3.1.2.1.7 Disposal Group 1, Subgroup 1-G 

ACTIONS AND TIMEFRAMES INFLUENCING GROUNDWATER IMPACTS 

Disposal Group 1, Subgroup 1-G, was designed to accommodate the disposal of waste generated under 

Tank Closure Alternative 6C and FFTF Decommissioning Alternative 2 or 3, as well as onsite and offsite 

waste.  Waste would be converted to IHLW and ILAW glass.  IHLW would be stored on site, while 

ILAW glass would be disposed of in IDF-East.  For the long-term groundwater impacts analysis, two 

major periods were identified for Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, as 

follows: 

 The disposal period was assumed to start with the onset of disposal operations in IDF-East and 

the RPPDF in CY 2009 and continue through CY 2050, when the disposal facilities would be 

operationally closed.  During the disposal period, the materials in these permitted, operational 

facilities would not be available for release to the environment. 

 The post-disposal period was assumed to start in CY 2051 and continue through the 10,000-year 

period of analysis until CY 11,940.  At the start of this period, materials in IDF-East and the 

RPPDF would become available for release to the environment.  For the purpose of analyzing 

long-term groundwater impacts of Waste Management Alternative 2, Disposal Group 1, 

Subgroup 1-G, IDF-East and the RPPDF were assumed to be covered by a barrier that limits 

infiltration for the first 500 years of the post-disposal period. 

COPC DRIVERS 

A total of 40 COPCs were analyzed for Waste Management Alternative 2, Disposal Group 1, 

Subgroup 1-G.  Complete results are tabulated in Appendices M, N, and O, but this discussion of long-

term impacts associated with Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, is 

focused on the following COPC drivers: 

 Radiological risk drivers: iodine-129 and technetium-99 

 Chemical risk drivers: none 

 Chemical hazard drivers: chromium, fluoride, and nitrate 

The COPC drivers for Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, were selected 

by evaluating the risk or hazard associated with all 40 COPCs during the year of peak risk or hazard at the 

Core Zone Boundary during the 10,000-year period of analysis and selecting the major contributors.  This 

process is described in Appendix Q.  The radiological risk drivers listed above account for essentially 

100 percent of the radiological risk.  No chemical risk is predicted.  The chemical hazard drivers above 

account for over 99 percent of the chemical hazard associated with Waste Management Alternative 2, 

Disposal Group 1, Subgroup 1-G. 

The COPC drivers that are discussed in detail in this section (iodine-129, technetium-99, chromium, 

fluoride, and nitrate) are all mobile (i.e., move with groundwater) and long-lived (relative to the 

10,000-year period of analysis), or stable.  They are essentially conservative tracers.  The other COPCs 

that were analyzed do not significantly contribute to drinking water risk at the Core Zone Boundary 

during the period of analysis because of high retardation factors (i.e., retention in the vadose zone), short 

half-lives (i.e., rapid radioactive decay), or a combination of both factors.   

ANALYSIS OF RELEASE AND MASS BALANCE 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G 

(IDF-East and RPPDF releases), in terms of the total amount of COPCs released to the vadose zone, 
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 groundwater, and the Columbia River during the 10,000-year period of analysis.  Releases of 

radionuclides are totaled in curies; chemicals, in kilograms (see Figure 5–546 through 5–557).  Note that 

the release amounts are plotted on a logarithmic scale to facilitate visual comparison of releases that vary 

over 10 orders of magnitude. 

200-East Area Integrated Disposal Facility 

IDF-East has five subtotals plotted, representing releases including ETF-generated secondary waste, tank 

closure and waste management secondary waste, FFTF Decommissioning Alternative 3 waste, and onsite 

and offsite waste. 

Figure 5–546 shows the estimated release from IDF-East to the vadose zone of the radiological risk 

drivers and Figure 5–547, the chemical hazard drivers.  For offsite waste, the release to the vadose zone is 

controlled by the inventory (i.e., 100 percent of the inventory is released during the post-disposal period).  

The predominant source of technetium-99 and iodine-129 is offsite waste.  For chemicals, the 

predominant source of chromium is tank closure secondary waste; that for nitrate is ETF-generated 

secondary waste.  The predominant source of fluoride is waste management secondary waste and onsite 

waste. 

 
Figure 5–546.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  
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Figure 5–547.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  

 

Figure 5–548 shows the estimated release from IDF-East to groundwater of the radiological risk drivers 

and Figure 5–549, the chemical hazard drivers.  In addition to the inventory considerations discussed in 

the previous paragraph, release to groundwater is controlled by the transport properties of the COPC 

drivers and by the rate of moisture movement through the vadose zone.  For iodine-129, technetium-99, 

chromium, nitrate, and fluoride, the amount released to groundwater is essentially equal to the amount 

released to the vadose zone.  Overall, about 88 percent of the radionuclide amount (curies) released to the 

vadose zone during the period of analysis reaches groundwater; approximately 100 percent of the 

chemical quantity (kilograms) reaches groundwater. 

 
Figure 5–548.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Groundwater  
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Figure 5–549.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Groundwater  

 

Figure 5–550 shows the estimated release from IDF-East to the Columbia River of the radiological risk 

drivers and Figure 5–551, the chemical hazard drivers.  Release to the Columbia River is controlled by 

the transport properties of the COPC drivers.  For iodine-129, technetium-99, chromium, nitrate, fluoride, 

and boron, the amount released to the Columbia River is essentially equal to the amount released to 

groundwater.  Overall, about 99 percent of the radionuclide amount (curies) released to groundwater 

during the period of analysis reaches the river; approximately 99 percent of the chemical quantity 

(kilograms) reaches the river. 

 
Figure 5–550.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Columbia River  
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Figure 5–551.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Columbia River  

River Protection Project Disposal Facility 

Figure 5–552 shows the estimated release from the RPPDF to the vadose zone of the radiological risk 

drivers and Figure 5–553, the chemical hazard drivers.  Release to the vadose zone is controlled by the 

inventory (i.e., 100 percent of the inventory is released during the post-disposal period).  Radionuclide 

releases from the RPPDF to the vadose zone comprise technetium-99 (largest source) and iodine-129 

(smallest source).  The chemical hazard sources from the RPPDF are nitrate (largest source) and 

chromium (smallest source).  Fluoride is not released from the RPPDF. 

 

 
Figure 5–552.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Radionuclide Releases from River Protection Project Disposal Facility to Vadose Zone  
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Figure 5–553.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Chemical Releases from River Protection Project Disposal Facility to Vadose Zone  

 

Figure 5–554 shows the estimated release from the RPPDF to groundwater of the radiological risk drivers 

and Figure 5–555, the chemical hazard drivers.  In addition to the inventory considerations discussed in 

the previous paragraph, release to groundwater is controlled by the transport properties of the COPC 

drivers and by the rate of moisture movement through the vadose zone.  For iodine-129, technetium-99, 

chromium, and nitrate, the amount released to groundwater is essentially equal to the amount released to 

the vadose zone.  Overall, about 100 percent of the radionuclide amount (curies) released to the vadose 

zone during the period of analysis reaches groundwater; approximately 100 percent of the chemical 

quantity (kilograms) reaches groundwater. 

 
Figure 5–554.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,   

Radionuclide Releases from River Protection Project Disposal Facility to Groundwater  
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Figure 5–555.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Chemical Releases from River Protection Project Disposal Facility to Groundwater  

 

Figure 5–556 shows the estimated release from the RPPDF to the Columbia River of the radiological risk 

drivers and Figure 5–557, the chemical hazard drivers.  Release to the Columbia River is controlled by 

the transport properties of the COPC drivers.  For iodine-129, technetium-99, chromium, and nitrate, the 

amount released to the Columbia River is essentially equal to the amount released to groundwater.  

Overall, 99 percent of the radionuclide amount (curies) released to groundwater during the period of 

analysis reaches the river; 99 percent of the chemical quantity (kilograms) reaches the river. 

 

 
Figure 5–556.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Radionuclide Releases from River Protection Project Disposal Facility to Columbia River  
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Figure 5–557.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Chemical Releases from River Protection Project Disposal Facility to Columbia River  

ANALYSIS OF CONCENTRATION VERSUS TIME 

This section presents the analysis of Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, 

impacts in terms of groundwater concentration versus time at the Core Zone Boundary and the Columbia 

River nearshore.  Concentrations of radionuclides are in picocuries per liter; chemicals, in micrograms per 

liter (see Figure 5–558 through 5–562).  The benchmark concentration of each radionuclide and chemical 

is also shown.  Note that the concentrations are plotted on a logarithmic scale to facilitate visual 

comparison of concentrations.   

Table 5–100 lists the maximum concentrations of the COPCs in the peak year at IDF-East and the 

RPPDF, Core Zone Boundary, and Columbia River nearshore.  Under Waste Management Alternative 2, 

Disposal Group 1, Subgroup 1-G, peak concentrations of technetium-99 and iodine-129 exceed their 

benchmarks at IDF-East in CY 7826 and CY 7907, respectively.  Iodine-129 also approaches its 

benchmark concentration at the Core Zone Boundary (CY 7856) and Columbia River nearshore 

(CY 8067).  No other constituents exceed their benchmark concentrations under Waste Management 

Alternative 2, Disposal Group 1, Subgroup 1-G. 

 



Tank Closure and Waste Management Environmental Impact Statement for the  

Hanford Site, Richland, Washington 

5–598 

Table 5–100.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Maximum COPC Concentrations in the Peak Year at IDF-East and the RPPDF,  

Core Zone Boundary, and Columbia River Nearshore 

Contaminant IDF-East RPPDF 

Core Zone 

Boundary 

Columbia River 

Nearshore 

Benchmark 

Concentration 

Radionuclide (picocuries per liter) 

Technetium-99 1,260 42 497 379 900 

(7826) (3818) (7709) (8130) 

Iodine-129 2.1 0.1 0.9 0.7 1 

(7907) (3747) (7856) (8067) 

Chemical (micrograms per liter) 

Chromium  2 3 1 0 100 

(8555) (3740) (3846) (8735) 

Nitrate 12,100 180 3,010 2,030 45,000 

(7962) (3670) (8248) (7535) 

Note: Corresponding calendar years shown in parentheses.  Concentrations that would exceed the benchmark value are indicated 

in bold text. 

Key: COPC=constituent of potential concern; IDF-East=200-East Area Integrated Disposal Facility; RPPDF=River Protection 

Project Disposal Facility. 

Figures 5–558 through 5–561 show concentration versus time for iodine-129, technetium-99, chromium, 

and nitrate.  For technetium-99, releases from the RPPDF cause a small rise in concentration at the 

RPPDF barrier, Core Zone Boundary, and Columbia River nearshore, peaking around CY 3940 but 

remaining over an order of magnitude below the benchmark.  Concentrations at the RPPDF barrier then 

decrease around CY 5900.  Beginning around CY 4500, concentrations at the Core Zone Boundary, 

Columbia River nearshore, and IDF-East barrier begin to increase again.  This second peak causes 

technetium-99 concentrations to exceed the benchmark at the IDF-East barrier by less than an order of 

magnitude from about CY 7000 until about CY 8900.  Iodine-129 follows a pattern similar to that of 

technetium-99, reaching a concentration slightly above the benchmark at the IDF-East barrier from about 

CY 6800 to CY 9100.  Chromium and nitrate concentrations behave similarly but do not exceed their 

benchmark concentrations during the period of analysis.   
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Figure 5–558.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Iodine-129 Concentration Versus Time  

 

 
Figure 5–559.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Technetium-99 Concentration Versus Time  
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Figure 5–560.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Chromium Concentration Versus Time  

 

 
Figure 5–561.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Nitrate Concentration Versus Time  
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 Total uranium has no detectable release to the environment until late in the simulation period, around 

CY 10,000.  Figure 5–562 shows concentration versus time for total uranium.  Total uranium 

concentrations at the end of the simulation period remain over seven orders of magnitude below the 

benchmark. 

 

 
Figure 5–562.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G,  

Total Uranium Concentration Versus Time  

ANALYSIS OF SPATIAL DISTRIBUTION OF CONCENTRATION 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, 

in terms of the spatial distribution of COPC driver concentrations in groundwater at selected times.  

Concentrations of radionuclides are in picocuries per liter; chemicals, in micrograms per liter 

(see Figures 5–563 through 5–574).  Concentrations of each radionuclide and chemical are indicated by a 

color scale that is relative to the benchmark concentration.  Concentrations greater than the benchmark 

concentration are indicated by the fully saturated colors green, yellow, orange, and red in order of 

increasing concentration.  Concentrations less than the benchmark concentration are indicated by the 

faded colors green, blue, indigo, and violet in order of decreasing concentration.  Note that the 

concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations.   

Figure 5–563 shows the spatial distribution of iodine-129 concentrations in groundwater in CY 3890.  

Releases from the RPPDF result in a groundwater plume heading north through Gable Gap.  This plume 

does not exceed the iodine-129 benchmark concentration north of the Core Zone Boundary.  In CY 7140, 

releases from IDF-East create a new plume exceeding the benchmark, extending from the 200-East Area 

east toward the Columbia River (see Figure 5–564).  Also by CY 7140, most of the RPPDF plume 

continues to dissipate as it moves north and reaches the Columbia River.  By CY 11,885, most of the 

mass in the IDF-East plume is still moving east toward the Columbia River, with only small, isolated 

pockets of high concentration exceeding the benchmark (see Figure 5–565).  Technetium-99 

(see Figures 5–566 through 5–568) shows a similar spatial distribution.  Technetium-99 concentrations 
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locally are up to five times the benchmark in the IDF-East plume.  Chromium (see Figures 5–569 through 

5–571) and nitrate (see Figures 5–572 through 5–574) show similar spatial distributions at selected times, 

except neither exceeds its benchmark concentration.  Iodine-129, technetium-99, chromium, and nitrate 

are all conservative tracers (i.e., move at the rate of the pore-water velocity).  No appreciable 

concentrations of total uranium result in contaminant plumes under Waste Management Alternative 2, 

Disposal Group 1, Subgroup 1-G, so figures of plume maps for total uranium are not shown. 

 

 
Figure 5–563.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Iodine-129 Concentration, Calendar Year 3890  
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Figure 5–564.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Iodine-129 Concentration, Calendar Year 7140  
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Figure 5–565.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Iodine-129 Concentration, Calendar Year 11,885  
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Figure 5–566.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Technetium-99 Concentration, Calendar Year 3890  
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Figure 5–567.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Technetium-99 Concentration, Calendar Year 7140  
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Figure 5–568.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Technetium-99 Concentration, Calendar Year 11,885  
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Figure 5–569.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 3890  
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Figure 5–570.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 7140  
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Figure 5–571.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Chromium Concentration, Calendar Year 11,885  
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Figure 5–572.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 3890  
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Figure 5–573.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 7140  
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Figure 5–574.  Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, Spatial  

Distribution of Groundwater Nitrate Concentration, Calendar Year 11,885  

SUMMARY OF IMPACTS 

Under Waste Management Alternative 2, Disposal Group 1, Subgroup 1-G, in general, the inventories 

remaining at IDF-East and the RPPDF, which are available for release to the environment at the start of 

the post-disposal period, are predominant contributors. 

For the conservative tracers, concentrations of iodine-129 and technetium-99 at IDF-East are the most 

dominant, exceeding the benchmark concentrations by less than an order of magnitude around CY 6800 

through CY 9000.  Concentrations of nitrate and chromium never exceed the benchmark concentration 

during the period of analysis.   
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For total uranium, limited mobility is an important factor governing the timeframe and scale of 

groundwater impacts.  The concentrations of this retarded species do not exceed the benchmark at the 

RPPDF barrier, IDF-East barrier, Core Zone Boundary, or Columbia River nearshore during the 

10,000-year period of analysis. 

5.3.1.2.2 Disposal Group 2  

Disposal Group 2 is characterized by an operational completion date of CY 2100 for both IDF-East and 

the RPPDF.  Under Disposal Group 2, IDF-East would have a large capacity (425,000 cubic meters 

[556,000 cubic yards]) and the RPPDF, an even larger capacity (8,370,000 cubic meters 

[10,900,000 cubic yards]).  These capacities were designed to meet the waste generation volumes 

associated with Tank Closure Alternative 2A or 6B and FFTF Decommissioning Alternative 2 or 3, as 

well as onsite and offsite waste. 

5.3.1.2.2.1 Disposal Group 2, Subgroup 2-A 

ACTIONS AND TIMEFRAMES INFLUENCING GROUNDWATER IMPACTS 

Disposal Group 2, Subgroup 2-A, was designed to accommodate the disposal of waste generated under 

Tank Closure Alternative 2A and FFTF Decommissioning Alternative 2 or 3, as well as onsite and offsite 

waste.  Waste would be converted to IHLW and ILAW glass.  IHLW would be stored on site, while 

ILAW glass would be disposed of in IDF-East. 

For the long-term groundwater impacts analysis, two major periods were identified for Waste 

Management Alternative 2, Disposal Group 2, Subgroup 2-A, as follows: 

 The disposal period was assumed to start with the onset of disposal operations in IDF-East in 

CY 2009 and continue through CY 2100, when the disposal facility would be operationally 

closed.  During this disposal period, the materials in this permitted, operational facility would not 

be available for release to the environment due to engineered control of potential releases from 

materials placed in IDF-East. 

 The post-disposal period for IDF-East was assumed to start in CY 2101.  After CY 2101, the 

materials in IDF-East would become available for release to the environment.  The post-disposal 

period would continue through the 10,000-year period of analysis until CY 11,940.  For the 

purpose of analyzing long-term groundwater impacts of Waste Management Alternative 2, 

IDF-East was assumed to be covered by a barrier that limits infiltration for the first 500 years of 

the post-disposal period. 

COPC DRIVERS 

A total of 40 COPCs were analyzed for Waste Management Alternative 2, Disposal Group 2, 

Subgroup 2-A.  Complete results are tabulated in Appendices M, N, and O, but this discussion of long-

term impacts associated with Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A, is 

focused on the following COPC drivers: 

 Radiological risk drivers: iodine-129 and technetium-99 

 Chemical risk drivers: none 

 Chemical hazard drivers: chromium, fluoride, and nitrate 

The COPC drivers for Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A, were selected 

by evaluating the risk or hazard associated with all 40 COPCs during the year of peak risk or hazard at the 

Core Zone Boundary during the 10,000-year period of analysis and selecting the major contributors.  This 
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 process is described in Appendix Q.  The radiological risk drivers listed above account for essentially 

100 percent of the radiological risk.  No chemical risk is predicted.  The chemical hazard drivers above 

account for over 99 percent of the chemical hazard associated with Waste Management Alternative 2, 

Disposal Group 2, Subgroup 2-A. 

The COPC drivers that are discussed in detail in this section (iodine-129, technetium-99, chromium, 

fluoride, and nitrate) are all mobile (i.e., move with groundwater) and long-lived (relative to the 

10,000-year period of analysis), or stable.  They are essentially conservative tracers.  The other COPCs 

that were analyzed do not significantly contribute to drinking water risk at the Core Zone Boundary 

during the period of analysis because of high retardation factors (i.e., retention in the vadose zone), short 

half-lives (i.e., rapid radioactive decay), or a combination of both factors.   

ANALYSIS OF RELEASE AND MASS BALANCE 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A, 

in terms of the total amounts of radioactive and chemical COPCs released to the vadose zone, 

groundwater, and the Columbia River during the 10,000-year period of analysis.  Releases of 

radionuclides are totaled in curies; chemicals, in kilograms (see Figures 5–575 through 5–580).  Note that 

the release amounts are plotted on a logarithmic scale to facilitate visual comparison of releases that vary 

over 10 orders of magnitude. 

200-East Area Integrated Disposal Facility 

Figure 5–575 shows the estimated release from IDF-East to the vadose zone of the radiological risk 

drivers and Figure 5–576, the chemical hazard drivers.  The predominant source of technetium-99 in the 

vadose zone is offsite waste (75 percent), followed by tank closure secondary waste (21 percent) and 

ETF-generated secondary waste (4 percent).  The sources of the iodine-129 release are offsite waste 

(46 percent) and ETF-generated secondary waste (51 percent).  All of the fluoride released to the vadose 

zone is from waste management secondary waste and onsite waste.  Approximately 100 percent of the 

nitrate released is from ETF-generated secondary waste.  The predominant source of chromium 

(81 percent) is tank closure secondary waste, followed by waste management secondary and onsite waste 

(8 percent), ILAW glass (5 percent), and offsite waste (4 percent). 
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Figure 5–575.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  

 

 
Figure 5–576.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  

 

Figure 5–577 shows the estimated release from IDF-East to groundwater of the radiological risk drivers 

and Figure 5–578, the chemical hazard drivers.  In addition to the inventory considerations discussed in 

the previous paragraph, release to groundwater is controlled by the transport properties of the COPC 

drivers and by the rate of moisture movement through the vadose zone.  Nearly all of the chromium 

(96 percent) and essentially all (99 percent) of the fluoride and nitrate are released to groundwater from 

the vadose zone.  Most of the technetium-99 (87 percent) and iodine-129 (68 percent) are released to 

groundwater from the vadose zone. 
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Figure 5–577.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Groundwater  

 

 
Figure 5–578.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Groundwater  

 

Figure 5–579 shows the estimated release from IDF-East to the Columbia River of the radiological risk 

drivers and Figure 5–580, the chemical hazard drivers.  Release to the Columbia River is controlled by 

the transport properties of the COPCs.  About 99 percent of the groundwater technetium-99 and 

98 percent of the iodine-129 are released to the Columbia River.  Almost all of the groundwater 

chromium (99 percent), fluoride (99 percent), and nitrate (greater than 98 percent) are released to the 

Columbia River.   
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Overall, 86 percent of the technetium-99 and 68 percent of the iodine-129 from the vadose zone are 

released to the Columbia River.  Overall, almost all of the chromium (96 percent), fluoride (98 percent), 

and nitrate (99 percent) from the vadose zone are released to the Columbia River.  There is essentially no 

release of uranium-238 or total uranium to the environment over the analysis period. 

 

 
Figure 5–579.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Columbia River  

 

 
Figure 5–580.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Columbia River  
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 ANALYSIS OF CONCENTRATION VERSUS TIME 

This section presents the analysis of Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A, 

impacts in terms of groundwater concentration versus time at the Core Zone Boundary and the Columbia 

River nearshore.  Concentrations of radionuclides are in picocuries per liter; chemicals, in micrograms per 

liter (see Figures 5–581 through 5–584).  The benchmark concentration of each radionuclide and 

chemical is also shown.  Note that the concentrations are plotted on a logarithmic scale to facilitate visual 

comparison of concentrations.   

Table 5–101 lists the maximum concentrations of the COPCs in the peak year at IDF-East and the 

RPPDF, Core Zone Boundary, and Columbia River nearshore.  Under Waste Management Alternative 2, 

Disposal Group 2, Subgroup 2-A, peak concentrations of technetium-99 and iodine-129 exceed their 

benchmarks at IDF-East in CY 7764 and CY 8097, respectively.  Iodine-129 approaches its benchmark 

concentration at the Core Zone Boundary (CY 8116) and Columbia River nearshore (CY 8221).  No other 

constituents exceed their benchmark concentrations under Waste Management Alternative 2, Disposal 

Group 2, Subgroup 2-A. 

 

Table 5–101.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Maximum COPC Concentrations in the Peak Year at IDF-East and the RPPDF,  

Core Zone Boundary, and Columbia River Nearshore 

Contaminant IDF-East RPPDF 

Core Zone 

Boundary 

Columbia River 

Nearshore 

Benchmark 

Concentration 

Radionuclide (picocuries per liter) 

Technetium-99 2,310 N/A 556 373 900 

(7764) (7328) (7754) 

Iodine-129 4.0 N/A 0.9 0.6 1 

(8097) (8116) (8221) 

Chemical (micrograms per liter) 

Chromium  2 N/A 1 0 100 

(8791) (8053) (7640) 

Nitrate 9,300 N/A 2,920 1,860 45,000 

(7960) (8291) (8406) 

Note: Corresponding calendar years shown in parentheses.  Concentrations that would exceed the benchmark value are 

indicated in bold text. 

Key: COPC=constituent of potential concern; IDF-East=200-East Area Integrated Disposal Facility; N/A=not applicable; 

RPPDF=River Protection Project Disposal Facility. 

Figures 5–581 through 5–584 show concentration versus time for iodine-129, technetium-99, chromium, 

and nitrate.  Beginning in approximately CY 6500, the groundwater concentrations of iodine-129 exceed 

its benchmark concentration at the IDF-East barrier.  Concentrations at the Core Zone Boundary and 

Columbia River nearshore approach but never reach the benchmark.  However, the iodine-129 

concentrations are never greater than one order of magnitude above the benchmark concentration.  After 

peaking around CY 7900, the iodine-129 concentrations continue to decrease through CY 11,940 

(see Figure 5–581).  Technetium-99 shows a similar spatial distribution to that of iodine-129, peaking at 

just over the benchmark at the IDF-East barrier (see Figure 5–582).  The technetium-99 concentrations at 

both the Core Zone and Columbia River nearshore boundaries never exceed the benchmark concentration.  

The chromium and nitrate concentrations show a similar trend (see Figures 5–583 and 5–584).  

Chromium and nitrate concentrations never exceed their benchmark concentrations.   

There are no detectable releases of either uranium-238 or total uranium to the environment over the 

analysis period. 
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Figure 5–581.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Iodine-129 Concentration Versus Time  

 

 
Figure 5–582.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Technetium-99 Concentration Versus Time  
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Figure 5–583.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Chromium Concentration Versus Time  

 

 
Figure 5–584.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Nitrate Concentration Versus Time  
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ANALYSIS OF SPATIAL DISTRIBUTION OF CONCENTRATION 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A, 

in terms of the spatial distribution of COPC driver concentrations in groundwater at selected times in this 

analysis period.  Concentrations of radionuclides are in picocuries per liter; chemicals, in micrograms per 

liter (see Figures 5–585 through 5–592).  Concentrations of each radionuclide and chemical are indicated 

by a color scale that is relative to the benchmark concentration.  Concentrations greater than the 

benchmark concentration are indicated by the fully saturated colors green, yellow, orange, and red in 

order of increasing concentration.  Concentrations less than the benchmark concentration are indicated by 

the faded colors green, blue, indigo, and violet in order of decreasing concentration.  Note that the 

concentration ranges are on a logarithmic scale to facilitate visual comparison of concentrations.    

Figures 5–585 through 5–592 show that there are groundwater releases of all COPCs from IDF-East that 

extend from inside the eastern edge of the Core Zone Boundary to the Columbia River.  The release 

distributions are confined in a narrow area until about one-third of the distance to the Columbia River 

nearshore boundary, where they spread out significantly and continue to the Columbia River.  Iodine-129, 

technetium-99, chromium, and nitrate are all conservative tracers (i.e., move at the rate of the pore-water 

velocity) that are impacted by moisture content.   

 

Figures 5–585 and 5–586 show the spatial distribution of iodine-129 concentrations in groundwater in 

CYs 7140 and 11,885, respectively.  The CY 7140 data show that a release from IDF-East creates a 

plume outside of the eastern boundary between the Core Zone Boundary and the Columbia River 

nearshore.  These data also show that there is an area east of the Core Zone Boundary where the 

concentrations are about 5 to 10 times the benchmark.  By CY 11,885 (see Figure 5–586), the plume mass 

has continued to spread out and is still moving east toward the Columbia River.  The CY 11,885 plume 

also shows areas where the concentrations are up to 5 times the benchmark concentration.   

 

Figures 5–587 and 5–588 show the technetium-99 release with a distribution from the release source to 

the Columbia River.  There is a small area east of the Core Zone Boundary where the technetium-99 

concentration exceeds the benchmark concentration by 5 to 10 times.  By CY 11,885 (see Figure 5–588), 

the distribution has surpassed its size in CY 7140, although most of the distribution is well below the 

benchmark concentration. 

 

Figures 5–589 and 5–590 (CYs 7140 and 11,885) show a chromium release extending from the release 

source to the Columbia River.  Comparisons of the CY 7140 and CY 11,885 distributions show about the 

same concentration and area for the releases.  The concentration of chromium remains well below the 

benchmark concentration in both distributions. 

Figures 5–591 and 5–592 show the spatial distribution of nitrate concentrations in groundwater in 

CYs 7140 and 11,885.  There is an area east of the Core Zone Boundary where the nitrate release appears 

to approach the benchmark concentration.  The CY 11,885 data show a significant reduction in 

concentration, especially for the isolated area of higher concentration.  Nitrate concentrations never 

exceed the benchmark concentration. 
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Figure 5–585.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Spatial Distribution of Groundwater Iodine-129 Concentration, Calendar Year 7140  
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Figure 5–586.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Spatial Distribution of Groundwater Iodine-129 Concentration, Calendar Year 11,885  
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Figure 5–587.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Spatial Distribution of Groundwater Technetium-99 Concentration, Calendar Year 7140  
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Figure 5–588.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Spatial Distribution of Groundwater Technetium-99 Concentration, Calendar Year 11,885  
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Figure 5–589.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Spatial Distribution of Groundwater Chromium Concentration, Calendar Year 7140  
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Figure 5–590.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Spatial Distribution of Groundwater Chromium Concentration, Calendar Year 11,885  
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Figure 5–591.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Spatial Distribution of Groundwater Nitrate Concentration, Calendar Year 7140  
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Figure 5–592.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A,  

Spatial Distribution of Groundwater Nitrate Concentration, Calendar Year 11,885  

SUMMARY OF IMPACTS 

Under Waste Management Alternative 2, Disposal Group 2, Subgroup 2-A, in general, the predominant 

contributor is the iodine-129 inventory at IDF-East that is available for release to the environment at the 

start of the post-disposal period.  Technetium-99 exceeds its benchmark at the IDF-East barrier by less 

than an order of magnitude.  Chromium and nitrate releases do not exceed benchmark concentrations 

during the period of analysis.  The release data show declining but significant concentrations through the 

end of this analysis period (CY 11,885). 
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 5.3.1.2.2.2 Disposal Group 2, Subgroup 2-B, Base Case 

ACTIONS AND TIMEFRAMES INFLUENCING GROUNDWATER IMPACTS 

Disposal Group 2, Subgroup 2-B, Base Case, was designed to accommodate the disposal of waste 

generated under Tank Closure Alternative 6B, Base Case, and FFTF Decommissioning Alternative 2 or 3, 

as well as onsite and offsite waste.  Waste would be converted to IHLW and ILAW glass.  IHLW would 

be stored on site, while ILAW glass would be managed on site as high-level radioactive waste (HLW) 

pending disposition.   

For the long-term groundwater impacts analysis, two major periods have been identified for Waste 

Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case, as follows: 

 The disposal period was assumed to start with the onset of disposal operations in IDF-East and 

the RPPDF in CY 2009 and continue through CY 2100, when the disposal facilities would be 

operationally closed.  During this disposal period, the materials in these permitted, operational 

facilities would not be available for release to the environment. 

 The post-disposal period was assumed to start in CY 2101 and continue through the 10,000-year 

period of analysis until CY 11,940.  At the start of this period, materials in IDF-East and the 

RPPDF would become available for release to the environment.  For the purpose of analyzing 

long-term groundwater impacts of Waste Management Alternative 2, Disposal Group 2, 

Subgroup 2-B, Base Case, IDF-East and the RPPDF were assumed to be covered by a barrier 

limiting infiltration for the first 500 years of the post-disposal period.  

COPC DRIVERS 

A total of 40 COPCs were analyzed for Waste Management Alternative 2, Disposal Group 2, 

Subgroup 2-B, Base Case.  Full results are tabulated in Appendices M, N, and O, but this discussion of 

long-term impacts associated with Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, 

Base Case, is focused on the following COPC drivers: 

 Radiological risk drivers: iodine-129 and technetium-99 

 Chemical risk drivers: none 

 Chemical hazard drivers: chromium, fluoride, and nitrate 

The COPC drivers for Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case, 

were selected by evaluating the risk or hazard associated with all 40 COPCs during the year of peak risk 

or hazard at the Core Zone Boundary during the 10,000-year period of analysis and selecting the major 

contributors.  This process is described in Appendix Q.  The radiological risk drivers listed above account 

for essentially 100 percent of the radiological risk.  No chemical risk is predicted.  The chemical hazard 

drivers above account for over 99 percent of the chemical hazard associated with Waste Management 

Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case.   

The COPC drivers that are discussed in detail in this section (nitrate, iodine-129, technetium-99, 

chromium, and fluoride) are all mobile (i.e., they move with groundwater) and long-lived (relative to the 

10,000-year period of analysis), or stable.  They are essentially conservative tracers.  The other COPCs 

that were analyzed do not significantly contribute to drinking water risk at the Core Zone Boundary 

during the period of analysis because of high retardation factors (i.e., retention in the vadose zone), short 

half-lives (i.e., rapid radioactive decay), or a combination of both factors.   
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ANALYSIS OF RELEASE AND MASS BALANCE 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, 

Base Case (IDF-East and the RPPDF), in terms of the total amount released to the vadose zone, 

groundwater, and the Columbia River.  Releases of radionuclides are totaled in curies; chemicals, in 

kilograms.  Both are totaled over the 10,000-year period of analysis.  Note that the release amounts are 

plotted on a logarithmic scale to facilitate visual comparison of releases that vary over 10 orders of 

magnitude within the same series of figures.  

200-East Area Integrated Disposal Facility 

Figure 5–593 shows the release to the vadose zone of the radiological risk drivers and Figure 5–594, the 

chemical hazard drivers.  For all seven types of sources, the inventories in the waste forms are a major 

factor in the quantities released to the vadose zone.  The predominant source of technetium-99 in the 

vadose zone is offsite waste (73 percent), followed by tank closure secondary waste (22 percent) and 

ETF-generated secondary waste (4 percent).  The sources of the iodine-129 release are offsite waste 

(46 percent) and ETF-generated secondary waste (51 percent).  The chromium release is from tank 

closure secondary waste (86 percent), waste management secondary and onsite waste (8 percent), offsite 

waste (4 percent), and ETF-generated secondary waste (2 percent).  Approximately 100 percent of the 

nitrate released is from ETF-generated secondary waste.  The only source of fluoride is from waste 

management secondary and onsite waste. 

 

 
Figure 5–593.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  
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Figure 5–594.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Vadose Zone  

 

Figure 5–595 shows the release to groundwater of the radiological risk drivers and Figure 5–596, the 

chemical hazard drivers.  In addition to the inventory considerations discussed in the previous paragraph, 

release to groundwater is controlled by the transport properties of the COPC drivers and by the rate of 

moisture movement through the vadose zone.  Most of the vadose zone technetium-99 (87 percent), 

iodine-129 (64 percent), chromium (99 percent), and nitrate (99 percent) are released to groundwater 

during the period of analysis. 

 
Figure 5–595.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Groundwater  
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Figure 5–596.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Groundwater  

 

Figure 5–597 shows the release to the Columbia River of the radiological risk drivers and Figure 5–598, 

the chemical hazard drivers.  Release to the Columbia River is controlled by the transport properties of 

the COPC drivers.  Most of the technetium-99 (86 percent), iodine-129 (98 percent), chromium (greater 

than 99 percent), and nitrate (greater than 99 percent) in groundwater are released to the Columbia River 

over the period of analysis.   

 
Figure 5–597.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Radionuclide Releases from 200-East Area Integrated Disposal Facility to Columbia River  
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Figure 5–598.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Chemical Releases from 200-East Area Integrated Disposal Facility to Columbia River  

 

Overall, most of the technetium-99 (86 percent), iodine-129 (68 percent), chromium (99 percent), and 

nitrate (99 percent) from the vadose zone are released to the Columbia River.  These releases are identical 

to those of Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Option Case, for these 

COPCs. 

River Protection Project Disposal Facility 

Figure 5–599 shows the release to the vadose zone of the radiological risk drivers and Figure 5–600, the 

chemical hazard drivers.  Release to the vadose zone is controlled by the inventory (i.e., 100 percent of 

the inventory is released during the post-disposal period).  The predominant releases from the RPPDF are 

technetium-99 and iodine-129, with technetium-99 being the predominant radionuclide released.  The 

chemical releases from the RPPDF include nitrate (largest source) and chromium (smallest source).  

Fluoride is not released from the RPPDF. 

 

Figure 5–601 shows the release to groundwater of the radiological risk drivers and Figure 5–602, the 

chemical hazard drivers.  In addition to the inventory considerations discussed in the previous paragraph, 

release to groundwater is controlled by the transport properties of the COPC drivers and by the rate of 

moisture movement through the vadose zone.  For technetium-99, iodine-129, chromium, and nitrate, the 

amount released to groundwater is essentially equal to the amount released to the vadose zone. 

Figure 5–603 shows the release to the Columbia River of the radiological risk drivers and Figure 5–604, 

the chemical hazard drivers.  Release to the Columbia River is controlled by the transport properties of 

the COPC drivers.  For iodine-129, technetium-99, chromium, and nitrate, the amount released to the 

Columbia River is essentially equal to the amount released to groundwater. 

Overall, greater than 99 percent of the radionuclides and chemicals released from the RPPDF to the 

vadose zone reach the Columbia River during the period of analysis.  Identical results were observed for 

Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Option Case. 
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Figure 5–599.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Radionuclide Releases from River Protection Project Disposal Facility to Vadose Zone  

 

 
Figure 5–600.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Chemical Releases from River Protection Project Disposal Facility to Vadose Zone  
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Figure 5–601.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Radionuclide Releases from River Protection Project Disposal Facility to Groundwater  

 

 
Figure 5–602.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Chemical Releases from River Protection Project Disposal Facility to Groundwater  
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Figure 5–603.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Radionuclide Releases from River Protection Project Disposal Facility to Columbia River  

 

 
Figure 5–604.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Chemical Releases from River Protection Project Disposal Facility to Columbia River  

ANALYSIS OF CONCENTRATION VERSUS TIME 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, 

Base Case, in terms of groundwater concentration versus time at the Core Zone Boundary and the 

Columbia River nearshore.  Concentrations of radionuclides are in picocuries per liter; chemicals, in 

micrograms per liter.  The benchmark concentration of each radionuclide and chemical is also shown.  

Note that the concentrations are plotted on a logarithmic scale to facilitate visual comparison of 

concentrations.   

 

Table 5–102 lists the maximum concentrations of the COPCs in the peak year at IDF-East and the 

RPPDF, Core Zone Boundary, and Columbia River nearshore.  Under Waste Management Alternative 2, 
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 Disposal Group 2, Subgroup 2-B, Base Case, peak concentrations of technetium-99 and iodine-129 

exceed their benchmarks at IDF-East in CY 8138 and CY 8097, respectively.  Iodine-129 also approaches 

its benchmark at the Core Zone Boundary and Columbia River nearshore around CY 8000.  No other 

constituents exceed their benchmark concentrations under Waste Management Alternative 2, Disposal 

Group 2, Subgroup 2-B. 

 

Table 5–102.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case, 

Maximum COPC Concentrations in the Peak Year at IDF-East and 

the RPPDF, Core Zone Boundary, and Columbia River Nearshore 

Contaminant IDF-East RPPDF 

Core Zone 

Boundary 

Columbia River 

Nearshore 

Benchmark 

Concentration 

Radionuclide (picocuries per liter) 

Technetium-99 2,300 155 557 377 900 

(8138) (3769) (7328) (7754) 

Iodine-129 4.0 0.3 0.9 0.6 1 

(8097) (3746) (7972) (7780) 

Chemical (micrograms per liter) 

Chromium  2 4 3 2 100 

(8251) (3710) (3977) (4632) 

Nitrate 9,590 277 3,130 2,140 45,000 

(7983) (3789) (7860) (7994) 

Note: Corresponding calendar years shown in parentheses.  Concentrations that would exceed the benchmark value are 

indicated in bold text. 

Key: COPC=constituent of potential concern; IDF-East=200-East Area Integrated Disposal Facility; RPPDF=River Protection 

Project Disposal Facility. 

 

Figures 5–605 through 5–608 show concentration versus time for technetium-99, iodine-129, nitrate, and 

chromium, respectively.  The releases of technetium-99 from RPPDF cause a small rise in concentration 

at the RPPDF barrier, Core Zone Boundary, and Columbia River nearshore, peaking around CY 3940 but 

remaining about an order of magnitude below the benchmark.  Concentrations at the RPPDF barrier drop 

off around CY 5900.  Beginning around CY 4500, concentrations at the Core Zone Boundary, Columbia 

River nearshore, and IDF-East barrier begin climbing again as a result of releases from IDF-East.  This 

second peak causes technetium-99 concentrations to exceed the benchmark at the IDF-East barrier by less 

than an order of magnitude.  Concentrations at the Core Zone Boundary and Columbia River nearshore do 

not exceed the benchmark concentrations (see Figure 5–605).  The technetium-99 concentrations at the 

IDF-East barrier, Core Zone Boundary, and Columbia River nearshore remain fairly constant from 

CY 6700 to CY 9000 and then decrease through CY 11,940.   

Figure 5–606 shows iodine-129 exceeding benchmark concentrations at the IDF-East barrier starting 

around CY 6000 and continuing through about CY 10,000.  Figures 5–607 and 5–608 show that the 

nitrate and chromium releases do not reach the benchmark concentrations over the period of analysis. 
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Figure 5–605.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Technetium-99 Concentration Versus Time  

 

 
Figure 5–606.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Iodine-129 Concentration Versus Time  
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Figure 5–607.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Nitrate Concentration Versus Time  

 

 
Figure 5–608.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Chromium Concentration Versus Time  
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Figure 5–609 shows concentration versus time for total uranium.  Uranium-238 has no detectable release 

to the environment.  Total uranium concentrations, while very low, continue to increase during the period 

of analysis and beyond.  The total uranium concentration never approaches closer than six orders of 

magnitude of the benchmark concentration during the period of analysis (through CY 11,940).   

 
Figure 5–609.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Total Uranium Concentration Versus Time  

ANALYSIS OF SPATIAL DISTRIBUTION OF CONCENTRATION 

This section presents the impacts of Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, 

Base Case, in terms of the spatial distribution of COPC driver concentrations in groundwater at selected 

times.  Concentrations of radionuclides are in picocuries per liter; chemicals, in micrograms per liter.  

Concentrations of each radionuclide and chemical are indicated by a color scale that is relative to the 

benchmark concentration.  Concentrations greater than the benchmark concentration are indicated by the 

fully saturated colors green, yellow, orange, and red in order of increasing concentration.  Concentrations 

less than the benchmark concentration are indicated by the faded colors green, blue, indigo, and violet in 

order of decreasing concentration.  Note that the concentration ranges are on a logarithmic scale to 

facilitate visual comparison of concentrations.   

Figures 5–610 through 5–621 show concentration distributions in CYs 3890, 7140, and 11,885 for 

technetium-99, iodine-129, chromium, and nitrate.  Figure 5–622 shows the concentration distribution for 

total uranium in CY 11,885.  Two plumes are evident, an earlier release from the RPPDF in CY 3890 and 

a later release from IDF-East beginning in CY 7140.  Groundwater releases from IDF-East extend from 

east of the Core Zone Boundary to the Columbia River.  The IDF-East plume is contained in a narrow 

area until it reaches about one-third of the distance to the Columbia River nearshore, where it spreads out 

and continues to the shoreline.  Groundwater releases from the RPPDF extend north from the Core Zone 

Boundary to the Columbia River.  The releases from the RPPDF remain in a fairly narrow area until about 

halfway to the Columbia River nearshore, where the plume spreads out and continues to the shoreline.   
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 Figure 5–610 (CY 3890) shows that the technetium-99 release from the RPPDF exceeds the benchmark 

concentrations in small areas north of the Core Zone Boundary.  Figure 5–611 (CY 7140) shows that the 

RPPDF technetium-99 distribution has nearly dissipated.  This figure also shows that the release from 

IDF-East extends from the release site to the Columbia River, with small areas of peak concentrations 5 to 

10 times the benchmark.  By CY 11,885 (see Figure 5–612), the RPPDF technetium-99 release has almost 

entirely dissipated, while the IDF-East technetium-99 release has increased in size but decreased in 

concentration, with only a small area at or just above the benchmark.  

 

Figures 5–613 through 5–615 show a similar concentration distribution for iodine-129; the RPPDF plume 

extends north from the Core Zone Boundary and the IDF-East plume extends east.  Figure 5–613 shows 

an RPPDF plume in CY 3890 but no IDF-East plume because the IDF-East release occurs in later years in 

the period of analysis.  Figure 5–614 (CY 7140) shows a dissipated RPPDF iodine-129 distribution and a 

significant IDF-East plume extending from the release site to the Columbia River.  There is an area east 

of the Core Zone Boundary in which the iodine-129 concentration exceeds the benchmark concentration 

by about 5 to 10 times the benchmark.  Figure 5–615 (CY 11,885) shows almost no RPPDF iodine-129.  

The IDF-East iodine-129 release to the Columbia River continues through CY 11,885, with small areas of 

concentrations that approach or exceed the benchmark concentration. 

Figures 5–616 through 5–618 show chromium releases from the RPPDF and IDF-East that produce 

plume maps (time, space, and concentration) similar to those of the technetium-99 and iodine-129 

releases.  In CY 3890, a small area at or just over the benchmark is observed north of Gable Gap in the 

RPPDF plume.  No other areas of exceedance are evident through CY 11,885. 

The nitrate release shown in Figures 5–619 through 5–621 is nearly identical to the chromium release 

(time and space ranges).  The IDF-East and RPPDF nitrate releases never reach the benchmark 

concentration.   

 

Figure 5–622 shows the concentration distribution in CY 11,885 of total uranium released from the 

RPPDF.  The released total uranium produces a fairly even distribution between the release source and 

the Columbia River nearshore.  Because total uranium is not as mobile as the other COPCs, the total 

uranium release results in a fairly homogeneous distribution between the release source and the Columbia 

River nearshore.  The concentration is consistently well below the benchmark concentration, and there are 

no areas of higher levels, as were observed for other COPCs.  The distribution and consistency of the total 

uranium in CY 11,885 indicate that the plume will remain well past CY 11,885.   
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Figure 5–610.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Technetium-99 Concentration, Calendar Year 3890  
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Figure 5–611.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Technetium-99 Concentration, Calendar Year 7140  
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Figure 5–612.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Technetium-99 Concentration, Calendar Year 11,885  
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Figure 5–613.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Iodine-129 Concentration, Calendar Year 3890  
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Figure 5–614.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Iodine-129 Concentration, Calendar Year 7140  
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Figure 5–615.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Iodine-129 Concentration, Calendar Year 11,885  
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Figure 5–616.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Chromium Concentration, Calendar Year 3890  
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Figure 5–617.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Chromium Concentration, Calendar Year 7140  
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Figure 5–618.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Chromium Concentration, Calendar Year 11,885  
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Figure 5–619.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Nitrate Concentration, Calendar Year 3890  
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Figure 5–620.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Nitrate Concentration, Calendar Year 7140  
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Figure 5–621.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Nitrate Concentration, Calendar Year 11,885  
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Figure 5–622.  Waste Management Alternative 2, Disposal Group 2, Subgroup 2-B, Base Case,  

Spatial Distribution of Groundwater Total Uranium Concentration, Calendar Year 11,885  
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